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(54) Pulley 

(57) The invention relates to a pulley (1 ). in particu- 
lar for a continuously variable transmission, provided 
with two sheaves (34) placed on a pulley shaft (2), at 
least one sheave (4) being movable in the axial direction 
relative to the pulley shaft (2) by means of movement 
means, which movement means comprise at least one 
piston/cylinder assembly (9»8). and also provided with 
fixing means (12) which fix the movable sheave (4) in 
the direction of rotation relative to the pulley shaft (2). 
According to the invention, the fixing means (1 2) are fit- 
ted at least inside a cylinder (8) of the piston/cylinder 
assembly (9.8). 
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Doscriptioni 

The invention relates to a pulley, in particular for a 
continuously variable transmission, provided with two 
sheaves placed on a pulley shaft, at least one of the 
sheaves being movable in the axial direction relative to 
the pulley shaft by means of movement means, which 
movement means comprise at least one piston/cylinder 
assembly, and also provided with fixing means which fix 
the movable sheave in the direction of rotation relative 
to the pulley shaft. 

Such a pulley is known from European Patent 
Application No. 0615080, and is used In particular in 
continuously variable transmissions, for example for 
motor vehicles. In such a transmission a drive belt is fit- 
ted over two pulleys, and an infinite number of transmis- 
sion ratios can be set within a certain range by varying 
the radial positions of the drive belt between the pulleys. 
The variation of the radial position of the drive belt 
between a pulley is achieved by the axial movement of 
the movable sheave relative to the pulley shaft by 
means of the movement means. The movable sheave 
must also be fixed in the direction of rotation relative to 
the pulley shaft, in order to be able to transmit torque. 

In the case of this known pulley the movable sheave 
is fixed in the direction of rotation, but in the axial direc- 
tion is freely movable by means of tooth/groove connec- 
tions. These tooth/groove connections are fitted both 
radially and axially outside the movement means. Rtting 
the tooth/groove connection outside the nwvement 
means requires additional fitting space both in the axial 
and In the radial directions. Furthermore, the necessary 
additional operations and parts mate the construction 
expensive and complicated. 

The object of the invention is to overcome the 
abovementioned disadvantages and to provide a simple 
and cheap pulley which also requires little fitting space. 
The pulley according to the invention is characterized in 
that the fixing means are fitted at least Inside a cylinder 
of the piston/cylinder assembly. Fitting the fixing means 
inside the cylinder of the piston/cylinder assembly 
means that a pulley with little fitting space is obtained. 
Furthermore, a smaller number of operations and parts 
will suffice, so that a simple, light and cheap construc- 
tion Is obtained. 

According to a further characteristic, the fixing 
means are fitted over the entire circumference of the 
cylinder. In this way, an advantageous distribution of the 
forces occumng is obtained during the torque transmis- 
sion, with the result that the fixing means can be simple 
and light in design. Moreover, a limited number of parts 
will suffice, which greatly simplifies the fitting and con- 
struction of the fixing means. 

The fixing means in this case can be fitted between 
the piston and the cylinder of the piston/cylinder assem- 
bly. Furthermore, the fixing means can be fitted 
between the two cylinders of a piston/cylinder assembly 
with two cylinders. These locations inside the move- 
ment means permit simple fitting of- the fixing means,, 



and such fitting also requires little fitting space. 

The fixing means can comprise an inner ring and/or 
an outer ring, which means that only a limited number of 
parts are needed, which simplifies the manufacture of 

5 the fixing means and also the construction and fitting 
thereof. According to the invention, the fixing means can 
comprise a radially outward directed profile, and a radi- 
ally inward directed profile, which profiles engage In 
each other. This is a simple way of producing a coupling 

10 between the movable sheave and the pulley shaft. The 
two profiles in this case can befitted on the fixing means 
in such a way that they connect to each other with nar- 
row tolerances at least in the direction of rotation. This 
means that play-free fixing of the movable sheave rela- 

15 tive to the pulley shaft is obtained in the directfon of rota- 
tion. The pulley can also be characterized in that the 
profiles of the fixing means are of a tooth-shaped or pol- 
ygon-shaped design. Such profiles provide not only 
play-free fixing of the movable sheave relative to the pul- 

20 ley shaft, but also an advantageous distribution of the 
forces occurring during the torque transmission. 

According to the invention, the fixing means can be 
fitted at the position where the piston and the cylinder 
seal off the pressure chamber. In this case the fixing 

25 means can comprise a seal. The combination with a 
seal means that it is simple to fit the fixing means at 
places in the pulley where the pressure chamber must 
be sealed off from the environment. The fixing means 
consequently fix the movable sheave relative to the pul- 

30 ley shaft, while the fixing means also seal off the pres- 
sure chamber. As a result of this combination, the pulley 
can be of simple design, and this construction requires 
no additional fitting space. The seal can follow the con- 
tour of one of the profiles in the direction of rotation, in 

35 particular the radially outward directed profile. A good 
seal is consequently ot>ta(ned over the entire circumfer- 
ence of the (finder, while the axial movement of the 
movable sheave Is not adversely affected either. Fur- 
thermore, the seal according to the invention can be an 

40 0-ring. 

The fixing means according to the invention can 
also be designed in such a way that the contact sur- 
faces of the fixing means have a low coefficient of fric- 
tion at least in the axial direction. This facilitates the 
45 axial movement of the movable sheave relative to the 
pulley shaft. 

The fixing means can be made of, for example, a 
synthetic material such as a polyamide, or a metal such 
as aluminium. These materials are simple to work, so 
50 that the fixing means can be manufactured by simple 
techniques. Moreover, a light, simple, strong and cheap 
construction is obtained in this way. 

The invention also relates to a continuously variable 
transmission, provided with a pulley according to the 
55 invention. 

The invention will be explained with reference to a 
drawing, in which in succession: 

Rgure 1 shows in section and diagrammatically a 
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pulley according to the prior art; 
Figure 2 shows in section an embodiment of a pul- 
ley according to the invention; and 
Figure 3 shows in section a second and third 
embodiment of a pulley according to the invention. 

Figure 1 shows diagrammatically in section a pulley 
according to the prior art. The pulley (1). which is used 
in particular in a continuously variable transmission, is 
placed on a pulley shaft (2) and comprises a fixed 
sheave (3) and a movable sheave (4). The movable 
sheave (4) is movable in the axial direction relative to 
the pulley shaft (2) by means of movement means (6). 
which are in the form of a hydraulic pistoh/cyiinder 
assembly The piston/cylinder assembly has a pressure 
chamber (7) which is enclosed by the movable sheave 
(4), the cylinder (8). the piston (9), the pulley shaft (2) 
and the collar (10) of the movable sheave. The piston 
(9) in this case Is immovably fixed on the pulley shaft (2) 
and rests with Hs other end against the cylinder (8). A 
fluid brought to pressure, for example an oil, can be con- 
veyed to and from the pressure chancer (7) by way of 
the passage (1 1). In this way, the movable sheave (4) 
can be moved in the axial direction relative to the pulley 
shaft (2). 

A drive belt (5) is fitted between the sheaves (3, 4). 
The radial position of the drive belt (5) between the 
sheaves (3, 4) partly determines the transmission ratio 
of the continuously variable transmission. It is possible 
to vary the radial position of the drive belt (5) between 
the sheaves (3. 4) by moving the movable sheave (4) by 
means of the movement means (6) in the axial direction 
relative to the pulley shaft (2). In this way, the transmis- 
sion ratio of the continuously variable transmission can 
be set in an infinitely variable manner at an infinite 
number of values within a certain range. 

In order to permit torque transmission between the 
pulley shaft (2) and the sheaves (3, 4). the movable 
sheave (4) must be fitted non-rotatably on the pulley 
shaft (2). Moreover, the movable sheave (4) must be 
movable In the axial direction relative to the pulley (2), in 
order to be able to set a transmission ratio. The sheave 
(4) is fitted on the pulley shaft in a non-rotatable, but axl- 
ally movable manner by means of the tooth/groove con- 
nection (12). The tooth/groove connection (12) is fitted 
radially and axially outside the movement means (6). In 
this case the tooth/groove connection (12) Is fitted both 
on the outside of the cylinder (8) and on the wall (13). 
The wall (13) Is immovably fixed on the pulley shaft (2) 
by way of wall (14). In this way. the movable sheave (4) 
is fixed in the direction of rotation relative to the pulley 
shaft (2). However, such a connection requires addi- 
tional fitting space both In the radial and in the axial 
direction. Furthermore, the additional operations and 
the parts (13). (14) make the construction expensive 
and complicated. 

In order to ensure that the axial movement of the 
movable sheave (4) relative to the pulley shaft (2) is not 
adversely affected, It is desirable for the pressure cham- 



ber (7) to be adequately sealed off from the environ- 
ment. In order to ensure that the fluid which has been 
brought to pressure is prevented as far as possible from 
leaking from the pressure chamber (7) to the environ- 
5 ment, a seal (1 5) is fitted between the piston (9) and the 
cylinder (8). 

Figure 2 shows in section a pulley according to the 
invention. The pulley (20) is placed on a pulley shaft 
(21) and comprises a fixed sheave (22) and a movable 

10 sheave (23), which movable sheave is nmvable in the 
axial direction relative to the pulley shaft (21) by means 
of movement means (24). The movement means (24) 
are In the form of hydraulic piston/cylinder assemblies 
and have two pressure chambers (25) and (26), and 

IS also a pressureless intermediate chamber (28). A fluid 
which has been brought to pressure can be conveyed 
by way of the passages (33) and (34) from and to the 
pressure chambers (25) and (26) respectively. In this 
way, the movable sheave (23) can be moved in the axial 

20 direction relative to the pulley shaft (21). The pressure 
chamber (25) is enclosed by the movable sheave (23), 
the cylinder (30). the piston (27) and the collar (35) of 
the movat>le sheave (23). The pressure chamber (26) is 
enclosed by the piston (29), the cylinder (31). the wall 

2S (32) and the pulley shaft (21). The piston (27) is dis- 
posed in such a way that it is slidable between the cylin- 
der (30) and the collar (35). Furthermore, the piston (27) 
is immovably fixed to the cylinder (31). The piston (29) 
is invnovably fixed on the collar (35) and rests with its 

30 other end against the cylinder (31). Fitted at different 
places inside the movement means (24) are a number 
of sealing rings (36), which seal off the pressure cham- 
bers (25) and (26) from the pressureless chamber (28) 
and the environment The pressureless chamber (28) is 

35 not completely sealed off, but Is in open communication 
with the (external) environment by way of a number of 
slits (not shown in the figure) In the cylinder (31) and the 
space between the cylinders (30) and (31). 

According to the invention, the pulley is provided 

40 with fixing means (41) and (42). which fixing means are 
fitted inside the cylinder (30) of the piston/cylinder 
assembly of the movement means and fix the movable 
sheave (23) in the direction of rotation relative to the pul- 
• ley shaft (21). Owing to the fact that the fixing means are 

45 fitted inside the cylinder (30), a simple and cheap pulley 
with little axial and radial fitting space is obtained. 

The section A-A shows an enlarged detail of the fix- 
ing means which are fitted between the cylinders (30) 
and (31) of the nr^ovement means (24). The fixing 

so means can preferably be fitted over the entire drcumfer- 
ence of the cylinders (30) and (31), with the result that 
the fixing means consist of a smalt number of parts, 
while a simple construction and simple fitting, and also 
in the torque transmission an advantageous distribution 

55 of the forces occurring, are obtained. The fixing means 
are in the form of an inner ring (41). which is fitted on the 
outside of the cylinder (31), and an outer ring (42), 
which Is fitted on the inside of the cylinder (30). The 
inner ring (41) is provided with a radially outward 
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directed profile (43). and the outer ring (42) is provided 
with a radially inward directed profile (44). The two pro- 
files (43) and (44) engage in each other and fix the mov- 
able sheave (23) in the direction of rotation relative to 
the pulley shaft (21). The inner ring (41) and the outer 5 
ring (42) are slidable past each other in the axial direc- 
tion, as a result of which the axial movement of the mov- 
able sheave (23) relative to the pulley shaft (21) is not 
impeded. In order to keep the freedom of rotation of the 
movable sheave (23) relative to the pulley shaft (21) as 10 
low as possible, the profiles (43) and (44) are fitted on 
the inner ring (41) and the outer ring (42) respectively in 
such a way that the profiles connect to each other with 
narrow tolerances at least in the direction of rotation. 

In the direction of rotation, the play between the two is 
profiles (43) and (44) should be as low as possible, but 
in this case the inner ring (41) and the outer ring (42) 
must not seal off the pressureless chamber (28) from 
the environment. To this end, the profiles (43) and (44) 
are flattened off slightly In the radial direction, with the 20 
result that some play is present in the radial direction 
between the inner ring (41) and the outer ring (42). This 
means that the pressureless chamber (28) can be aer- 
ated and vented, so that the axial movement of the mov- 
able sheave (23) relative to the pulley shaft (21) and 
also the setting of the transmission ratio of the continu- 
ously variable transmission are promoted. 

During the axial movement of the movable sheave 
(23) relative to the pulley shaft (21). the inner ring (41) 
and the outer ring (42) slide past each other. In order to 
promote the axial movement of the movat)le sheave 
(23). the contact surfaces of the inner ring (41) and the 
outer ring (42) have a low coefficient of friction in the 
axial dtrectton. A low coefficient of friction can be 
obtained, for example, by making the inner ring (41) and 
the outer ring (42) of synthetic material. A suitable syn- 
thetic material can be polyamide (nylon-6) or poly- 
tetrafluoroethylene (teflon). The inner ring (41) and the 
outer ring (42) can also be made of a metal, for example 
aluminium. The inner ring (41) and outer ring (42) can 
consequently be made by simple and cheap tech- 
nkjues. Furthermore, the inner ring (41) and the outer 
ring (42) are light and durable and are simple to fit. 

The inner ring (41) and the outer ring (42) in this 
embodiment are provided with profiles (43) and (44) 
which are a polygonal shape. However, the profiles (43) 
and (44) can also be other shapes, for example a 
toothed shape. 

Figure 3 shows above the axis of the pulley a sec- 
ond embodiment of a pulley according to the invention 
and below the axis of the pulley a third errtfsodiment of a 
pulley according to the invention. The pulley (50) is 
placed on a pulley shaft (51) and comprises a fixed 
sheave (52) and a movable sheave (53), which is mova- 
ble in the axial direction relative to the pulley shaft (51) 
by means of movement means (54) in the form of a pis- 
ton/cylinder assembly 

According to the invention, the pulley (50) is pro- 
vided with an inner ring (61) and an outer ring (62), 



which are fitted inside the cylinder (56) of the piston/cyl- 
inder assembly (54). In this embodiment, the Inner ring 
(61) and the outer ring (62) are fitted at the position 
where the piston (57) and the cylinder (56) seal off the 
pressure chamber (55) relative to the pressureless 
chamber (58). The inner ring (61) is fitted on the piston 
(57) and provkied with a radially outward directed profile 
(63), while the outer ring (62) is fitted on the inside of 
cylinder (56) and is provided with a radially inward 
directed profile (64). The two profiles connect to each 
other with narrow tolerances in the direction of rotation, 
so that the movable sheave (53) is fixed non-rotatably 
relative to the pulley shaft (51). Through the fitting of the 
inner ring (61) and the outer ring (62) at the position 
where the pressure chamber (55) is sealed off, they 
shouki have adequate sealing capacity to ensure that 
the setting of the transmission ratk> of the continuously 
variable transmission is not adversely affected. As the 
section B-B shows in an enlarged detail, the profiles 
(63) and (64) are designed in such a way that the inner 
ring (61) and the outer ring (62) connect to each other 
with narrow tolerances over the entire circumference. In 
this way a completely play-free seal of the pressure 
chamber (55) and a non-rotatable fixing of the movable 
sheave (53) relative to the pulley shaft (51) are 
obtained. 

An improved seal is obtained for the pressure 
chamber (55) by providing the fixing means with an 
additional seal, in the form of a sealing ring (65), as the 
underside of the pulley in Figure 3 and the sections C-C 
and D-D show in enlarged detail. The sealing ring (65) 
in this case is fitted over the entire circumference of the 
cylinder (56) in a groove (66) made in the inner ring (61) 
of the fixing means. The contour of the sealing ring (65) 
Is formed in such a way that said contour follows the 
profile (63) of the inner ring (61). The pressure chamber 
(55) Is consequently sealed off. while the sealing ring 
(65) is not adversely loaded during the axial movement 
of the movable sheave (53). The sealing ring (65) may 
be in the form of a standard 0-ring, if desired. 

As in the embodiment of the fixing means shown in 
Figure 2, the inner ring (61) and the outer ring (62) can 
be made of, for example, a synthetic material or of a 
light metal. A simple, light, cheap and durable construc- 
tion is consequently obtained by simple manu^cturing 
techniques, which construction not only fixes the mova- 
t)le sheave (53) in the direction of rotation relative to the 
pulley shaft (51), but also adequately seals the pressure 
chamber (55) off from the movement means (54). 

It will be clear that the fixing means can be fitted 
fully or partially in the piston/cylinder assembly, in par- 
ticular the piston and the cylinder thereof, instead of 
using Inner and outer rings. 



1. Pulley, in particular for a continuously variable 
transmission, provided with two sheaves placed on 
a pulley shaft, at least one of the sheaves being. 
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movable in the axial direction relative to the pulley 
shaft by nteans of movement means, which move- 
ment means comprise at least one piston/cylinder 
assembly, and also provided with fixing means 
which fix the movable sheave in the direction of 5 
rotation relative to the pulley shaft, characterized In 
that the fixing means are fitted at least inside a cyl- 
inder of the piston/cylinder assembly. 

2. Pulley according to Claim 1. characterized in that 10 
the fixing means are fitted over the entire circumfer- 
ence of the cylinder. 

3. Pulley according to Claim 1 or 2, characterized in 
that the fixing means are fitted between the piston is 
and the cylinder of the piston/cylinder assembly. 

4. Pulley according to Claim 1 or 2, characterized in 
that the piston/cyfinder assembly comprises two 
cylinders, and in that the fixing means are fitted 20 
between the cylinders of the piston/cylinder assenv 
Wy. 



13. Pulley according to Claim 1 1 or 12. characterized in 
that the seal is an 0-ring. 

14. Pulley according to one of the preceding claims, 
characterized in that the contact sur^ces of the fix- 
ing means have a low coefficient of friction, at least 
in the axial direction. 

15. Pulley according to one of the preceding claims, 
characterized in that the fixing means are made of 
a synthetic material, for example polyamide. 

16. Pulley according to one of the preceding claims, 
characterized in that the fixing means are made of 
a metal, for example of aluminium. 

17. Continuously variable transmission provided with a 
pulley according to one of the preceding claims. 



5. Pulley according to one of the preceding claims, 
characterized in that the fixing means comprise an 2s 
inner ring and/or outer ring. 

6. Pulley according to one of the preceding claims, 
characterized in that the fixing means comprise a 
radially outward directed profile, and a radially 30 
inward directed profile, which profiles engage in 
each other. 



7. Pulley according to Claim 6, characterized in that 
the two profiles connect to each other with narrow 35 
tolerances at least in the direction of rotation. 

8. Pulley according to Claim 6 or 7, characterized in 
that the profiles of the fixing means are of a tooth- 
shaped design. 40 



9. Pulley according to Claim 6 or 7. characterized in 
that the profiles of the fixing means are of a poly- 
gon-shaped design. 

45 

10. Pulley according to one of the preceding claims, 
characterized in that the fixing means are fitted at 
the position where the piston and the cylinder seal 
off the pressure chamt)er. 

50 

11. Pulley according to one of the preceding claims, 
characterized in that the fixing means comprise a 
seal. 



12. Pulley according to Claim 11, characterized in that ss 
the seal follows the contour of one of the profiles in 
the direction of rotation, preferably the radially out- 
ward directed prof lie. 
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